How can an electron interact with itself? by Yi, Y. G.
ar
X
iv
:p
hy
sic
s/0
01
00
80
v1
5 
 [p
hy
sic
s.g
en
-p
h]
  2
9 N
ov
 20
12
Remark on the self-energy of an electron
Yong Gwan Yi
October 22, 2018
Abstract
The self-energy in the Feynman diagram cannot be possible physically
so far as the electron is not moving faster than the photon. If we assume
the vacuum polarization effect, we can bring the self-energy diagram into
accord with the positron theory of Dirac. The self-force must be an effect
on the electron of static polarization induced in the vacuum due to the
presence of an electron.
The self-energy of an electron is an old problem of classical electrodynamics.
The quantum theory has put the problem in a critical state. In particular, Pauli
suggested to calculate the self-energy of an electron according to the positron
theory of Dirac [1]. As shown by Weisskopf [2], the calculation in the positron
theory resulted in a logarithmic divergence of the self-energy. With the de-
velopment of formalism, Feynman put forward an intelligible method of using
diagrams in solving this problem [3]. It provides an intuitive way of arriving at
the correct result with the aid of a cut-off procedure. But the cut-off procedure
is not unique and is adopted only to define the mathematics [4]. Its physical ex-
planation remains basically unsatisfactory. In this remark, I should like to point
out a problem in the Feynman diagram and its connection with the convergence
factor used in the calculation of self-energy.
In classical electrodynamics, the self-energy of an electron is discussed as
due to the electrostatic force on the electron of the Coulomb field which an
electron produces. The Feynman diagram is a quantum-theoretical description
of it, showing the self-energy due to the emission and absoption of a virtual
transverse photon. However, the self-force is typical a static force, an example
of “action-at-a-distance.” It is then only natural that the classical notion has
been taken over into the Feynman diagram. The concept of action-at-a-distance
makes no sense in quantum electrodynamics. In fact, the self-energy in the
Feynman diagram cannot be possible physically so far as the electron is not
moving faster than the photon. To be a physical description, it must exhibit
a causal behavior by which the action is propagated with the velocity of light
instead of instantaneously. We need to consider an effect that causes the reaction
back on the electron of its own Coulomb field.
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What effect can be assumed in the self-energy diagram without violating
the established thoughts? The simplest and most natural assumption would
be to incorporate an electron-positron pair as existing part of time into the
propagation of a virtual photon. If the photon virtually disintegrates into an
electron-positron pair for a certain fraction of the time, the electron-positron
loop gives an additional e2 correction to the photon propagator through which
an electron interacts with itself. The modification of the photon propagator is
then the replacement
1
q2
−→
1
q2
[
−Πµν
] 1
q2
, (1)
where the iǫ prescription is implicit in the denominator. The polarization tensor
Πµν is written as the sum of a constant term Π(0) for q
2 = 0 and terms pro-
portional to (qµqν − δµνq
2). The leading term Π(0) is a positive, real constant
that depends quadratically on the cut-off Λ. In the limit q2 → 0, the q2 term is
absorbed into the renormalization constant. Formally at least, we see that (1)
reads approximately
1
q2
−→
1
q2
−
1
q2 −Π(0)
, (2)
where we have used the operator relation (A−B)−1 = A−1 +A−1BA−1 + · · · .
We recall that the convergence factor introduced by Feynman is
1
q2
−→
1
q2
(
−Λ2
q2 − Λ2
)
, or
1
q2
−
1
q2 − Λ2
, (3)
where the iǫ prescription is again implicit. It becomes evident that the vac-
uum polarization effect gives rise to a modification of the photon propagator
corresponding to the convergence factor used in the calculation of self-energy.
The formal agreement draws our attention to the causal effect which has been
assumed by necessity. Indeed, we can find a physical reason to justify the causal
effect.
Weisskopf’s calculation is based upon the positron theory of Dirac, in which
the presence of an electron causes a static polarization in the distribution of the
vacuum electrons. In form and content, Weisskopf shows a physical significance
of the static polarization induced in the vacuum due to the presence of an
electron itself. However, Feynman’s diagram is not a physical description of
self-energy according to the positron theory. It is no more than a quantum-
theoretical translation of the classical notion of self-interaction. To be consistent
with the positron theory of Dirac, the self-energy diagram must be modified to
include the effect of the static polarizability of the vacuum electrons. We have
already assumed the vacuum polarization effect as a causal effect. It becomes
apparent that the assumption brings the Feynman diagram into accord with the
positron theory of Dirac. The assumption of the vacuum polarization effect can
thus be regarded necessary, in which the cut-off Λ2 finds a physical interpretation
in terms of Π(0). As Feynman explained, we may look upon the convergence
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procedure (3) as the result of superposition of the effects of quanta of various
masses. However, it should be noted that the minus sign in front of the term
for the propagation of a photon of mass Λ has not been explained so far from
such a point of view.
There have been many arguments that explain why the quadratically di-
vergent constant Π(0) must be discarded [5]. They essentially say that the
formalism must be set up in such a way that the observed photon mass is
strictly zero. Even though any “honest” calculation gives Π(0) 6= 0, the way
we compute the vacuum polarization is consistent with assigning a null value to
Π(0) which leads to a nonvanishing photon mass. As viewed from the present
point, however, the convergence factor in (3) amounts to the use of Π(0) in the
propagation of a virtual photon. Whenever the photon propagator is supplied
with the convergence factor, accordingly, it amounts to taking account of the
electron-positron loop contribution to the photon propagator.
A method of making Πµν convergent without spoiling the gauge invariance
has been found by Bethe and by Pauli. Looking upon the modification (3) as
the superposition of quanta of various masses, Feyman has taken the difference
of the result for electrons of p2 = m2 and p2 = m2 + λ2. If the electron closed
loop with m2 is called Πµν(m
2) and the loop with m2 replaced by m2 + λ2 is
Πµν(m
2 + λ2), the modification
Πµν −→
∫ Λ
0
[Πµν(m
2)−Πµν(m
2 + λ2)] dλ (4)
is then characteristic for the problem of vacuum polarization. In form, the inte-
grand in (4) is equivalent to a translation into the electron closed loop of photon
propagators in (3). In this translation, the vacuum polarization is specified with
a given value λ by subtracting from the electron closed loop of p2 = m2 the cor-
responding loop of p2 = m2 + λ2. The integration is then over λ. From the
very form of (1), one may say that the modification is the replacement of its
“intrinsic” value by the “observed’ effect through the photon propagator. The
convergence procedure for the problem of vacuum polarization may be under-
stood in this way.
The concluding remark can be made on the self-energy of an electron. The
self-force must be an effect on the electron of static polarization induced in the
vacuum due to the presence of an electron. We can draw such notion of self-
force from Weisskopf’s calculation according to the positron theory of Dirac.
The convergence factor in Feynman’s calculation finds a physical interpretation
as a modification in photon propagator due to the vacuum polarization effect.
The vacuum polarization effect must also be responsible for the mass renor-
malization. The cut-offs appearing in the mass and charge corrections must be
equivalent. Although the mass and charge corrections are cut-off dependent, the
ratio between the mass and charge of an electron would contain no dependence
upon the cut-off.
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